S1: Materials 1-Methyl-2-pyrrolidinone (NMP; reagent grade, 99%) and graphite flakes (no. 332461, +100 mesh) were obtained from Sigma-Aldrich. The graphite foil (1 mm, 97 %) was purchased from Alfa Aesar. Tetrabutylammonium tetrafluoroborate (Bu4NBF4) was prepared by mixing a 1:1 molar ratio of sodium tetrafluoroborate (Sigma-Aldrich) and tetrabutylammonium hydrogensulfate (Fluka). The precipitate was recrystallized in ethyl acetate and pentane, and dried under vacuum at 80 °C.
S2: Methods
Exfoliation using bipolar electrochemistry and high-shear Caution! Working with high voltages is extremely dangerous if proper precautions are not taken. All high-voltage electrochemistry in this study was performed in a grounded cage (see Figure S1 below) with an interlock system ensuring no access to the electrodes while high voltage is applied. 
S4: Principal component analysis scree plot
To eliminate noise in the data set principal component analysis was used. Figure S4 shows the explained variance ratio for the first ten principal components. Since the components are ordered by explained variance, keeping the first 7 components retains 97.8% of the variance in the data set. 
S5 S5: EELS elemental maps
Elemental maps were acquired with Gatan DigitalMicrograph by performing a power-law subtraction on the pre-edge region of the spectra. Maps were then formed using the spectrum image from the specific collection windows outlined in Figure S5 . Figure S5 . Elemental maps from EELS analysis.
S6 S6: Determination of the number of graphene layers from Raman data
The number of layers in the graphene was estimated using the approach devised by Paton et al. S1 A simple Raman metric, , is defined based on intensity ratios in two positions on the 2D-peak, . Figure S6 displays the distribution of and for the graphene produced in this work. As seen, the majority (96%) of the flakes contains fewer than 10 layers with 4-6 layers being the most common. The estimated mean layer number = 5.1 2.2. Remaining amount of C in graphene: 96.6% 1.20% 7.13% 88.27%
From this the mass fraction of graphene in relation to the total amount of carbon can be calculated as:
0.845 corresponding to 84.5 % S8: XPS N 1s high-resolution spectrum A high-resolution N 1s XPS spectrum was acquired. It was not possible to determine, if several nitrogen-containing compounds were present based on this, due to the low N content. Figure S8 . High-resolution N 1s spectrum of graphene produced by combined bipolar electrochemical intercalation and high-shear exfoliation.
A graphene electrode was produced by filtering a graphene suspension in NMP on a 0.45 μm nylon membrane filter and washing with ethanol. The filter was cut into 5 mm strips. To ensure a good electrical connection with the graphene a small amount of silver paint was brushed onto one end of the electrode. The electrochemical properties were examined in an ordinary three-electrode setup using graphene as the working electrode, a Pt counter electrode, and a Ag/AgI reference electrode in 0.1 M Bu4NBF4/acetonitrile. First, voltammograms of a blank and a 2 mM ferrocene solution were recorded using a normal glassy carbon working electrode as illustrated in Figure S9 (top). In Figure  S9 (bottom) the same experiments were performed, now using the graphene electrode. In this case the current grows essentially linearly with the potential and no specific oxidation peak pertaining to ferrocene is seen. Figure S10 shows measurements of the resistance between two points on the graphene electrode at different distances, yielding an internal resistance in the film of 1.04 ± 0.19 kOhm mm -1 . Presumably, this high value can be attributed to a large contact resistance between the flakes. This interpretation is supported by the TEM images (see Figure 6 ), in that the amorphous carbon residues seen present on the graphene sheets are expected to limit the electrical contact between the sheets. Furthermore, this would explain the absence of distinct redox features in the cyclic voltammogram of ferrocene ( Figure S9 ). The graphene films could be compressed to increase the conductivity. S2 Also, in future experiments it would be interesting to perform conductivity measurements on single flakes. Figure S10 . Electrical resistance as a function of distance for graphene deposited on a nylon membrane.
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